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Background: The use of shunting in carotid endarterectomy (CEA) is controversial. This randomized trial compared the
results of routine (RS) vs selective shunting (SS) based on stump pressure (SP).
Methods: Two-hundred CEA patients under general anesthesia were randomized into RS (98 patients) or SS (102
patients), where shunting was used only if systolic SP (SSP) was <40 mm Hg. Clinical and demographic characteristics
were comparable in both groups. Patients underwent immediate and 30-day postoperative duplex ultrasound follow-up.
Analysis was by intention-to-treat.
Results:Of 102 SS patients, 29 (28%) received shunting. Indications for CEAwere similar (42% symptomatic for RS; 47%
for SS, P  .458). The mean internal carotid artery diameter was comparable (5.5 vs 5.5 mm, P  .685). Mean
preoperative ipsilateral and contralateral stenosis was 76% and 38% for RS (P .268) vs 78% and 40% for SS (P .528).
Mean preoperative ipsilateral and contralateral stenosis was 79% and 56% in the shunted (P  .634) vs 78% and 34% in
the nonshunted subgroup of SS patients (P  .002). The mean SSP was 55.9 mm Hg in RS vs 56.2 for SS (P  .915).
The mean SSP was 33 mm Hg in the shunted vs 65 in the nonshunted subgroup (P < .0001). Mean clamp time in the
nonshunted subgroup of SS was 32 minutes. Mean shunt time was 35 minutes in RS and 33 in SS (P  .354). Mean
operative time was 113 minutes for RS and 109 for SS (P  .252), and 111 minutes in shunted and 108 in the
nonshunted subgroup (P  .586). Mean arteriotomy length was 4.4 cm for RS and 4.2 for SS (P  .213). Perioperative
stroke rate was 0% for RS vs 2% for SS (one major and one minor stroke, both related to carotid thrombosis; P  .498).
No patients died perioperatively. Combined perioperative transient ischemic attack (TIA) and stroke rates were 2% in RS
vs 2.9% in SS (P> .99). The overall perioperative complication rates were 8.3% in RS (2 TIA, 3 hemorrhage, 1 myocardial
infarction [MI], and 1 asymptomatic carotid thrombosis) vs 7.8% in SS (2 strokes, 1 TIA, 3 hemorrhage, 1 MI, and 1
congestive heart failure; P  .917).
Conclusions: RS and SS were associated with a low stroke rate. Both methods are acceptable, and surgeons should select
the method with which they are more comfortable. ( J Vasc Surg 2010;51:1133-8.)Several randomized prospective trials have shown that
carotid endarterectomy (CEA) is superior to medical ther-
apy for selected patients with significant symptomatic and
asymptomatic carotid stenosis.1-3 The use of shunting in
CEA is still controversial. Although some surgeons advo-
cate routine shunting, others prefer selective shunting or
no shunting.4-31 The optimal method for evaluating cere-
bral perfusion during CEA and determining the need for
selective shunting is also controversial. Several investiga-
tors prefer carotid stump pressure measurements,10,16,17
whereas others prefer transcranial Doppler22,23 or electro-
encephalography (EEG) monitoring.22,24,25
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doi:10.1016/j.jvs.2009.12.046There are several arguments against the use of shunts,
including unnecessary use in approximately 85% of patients
and its associated morbidity, which may include atheroma-
tous or air emboli, arterial dissection, and acute arterial
occlusion. Several other complications have been reported,
including increased risk of local complications, such as
nerve injury, hematoma, infection, and long-term resteno-
sis.4,5,26-28
Others who support the use of shunting cite its value in
maintaining cerebral blood flow, thus allowing unhurried
CEA.10,11,16,17,19-21 Some surgeons also believe that
shunting aids in closure of the carotid arteries, whereas
others believe the presence of shunt makes closure more
difficult.7,10,29 It has also been suggested that for those
surgeons who use shunts only selectively, the relative infre-
quent use of the shunt makes its use more hazardous than
with experienced surgeons.
There has also been controversy regarding the optimal
carotid stump pressure for selecting patients that need to be
shunted, with a range of 25 to 50 mm Hg.9-11,14,16,17
Some have suggested a systolic stump pressure of50 mm
Hg and 40 mm Hg, and others selected a mean stump
pressure of 50, 45, 40, or 25 mm Hg. A few randomized
trials have compared routine vs selective shunting during
CEA,8,13,29 but none were based on stump pressure. This is
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routine shunting vs selective shunting based on carotid
stump pressure.
METHODS
This study was approved by the Institutional Review
Board of Charleston Area Medical Center/Robert C. Byrd
Health Sciences Center of West Virginia University.
Patient population. Between March 2007 and Feb-
ruary 2009, 200 CEA patients were randomized into rou-
tine shunting (RS; 98 patients) and selective shunting (SS;
102 patients). Randomization was done using sealed enve-
lopes that were opened just before surgery. Shunting in the
SS group was only used if the carotid systolic stump pressure
was40 mmHg. The study excluded patients scheduled for
a redo CEA, CEA with concomitant coronary artery bypass
grafting, or high-risk patients, such as those with radiation
injury, high bifurcation, and unstable angina.
Before surgery, all patients underwent carotid color
duplex ultrasound (DUS) imaging or magnetic resonance/
computed tomography angiography studies to determine
preoperative carotid stenoses. The degree of stenosis was
primarily calculated based on DUS results using North
American Symptomatic Carotid Endarterectomy Trial cri-
teria.32
Patients also underwent tests for baseline blood choles-
terol and triglyceride levels. Preoperative risks factors, in-
cluding hypertension, diabetes mellitus, coronary artery
disease, and smoking, were determined for each patient,
along with the preoperative use of aspirin or other anti-
platelet agents. Indications for surgery were categorized
into hemispheric transient ischemic attacks (TIAs), amau-
rosis fugax, hemispheric strokes, nonhemispheric TIA, and
70% asymptomatic carotid stenosis. All patients were
administered aspirin therapy (325 mg daily) 24 hours
after the operation. Perioperative neurologic complications
were verified by neurologists.
Operative technique. All CEAs were performed with
the patients under general anesthesia with systemic heparin
(5000U), which was not reversed. All patients were admin-
istered aspirin therapy (325 mg) 24 hours before the CEA.
At the time of surgery, the normal internal carotid artery
(outer diameter) distal to the lesion was measured in milli-
meters with calipers. All CEAs were closed using a polytet-
rafluoroethylene patch (ACUSEAL, W. L. Gore and Asso-
ciates, Flagstaff, Ariz).
Carotid artery systemic pressure was measured in all
cases by inserting a 22-gauge needle into the common
carotid artery proximal to the carotid bifurcation and ste-
nosis. The common carotid artery systolic, diastolic, and
mean pressures were then recorded, after which the com-
mon carotid and the external carotid arteries were occluded
and the carotid systolic, diastolic, and mean stump pressure
was recorded. For patients who were randomized for SS, a
systolic stump pressure of 40 mm Hg was used for
inserting a shunt, otherwise these patients were not
shunted. Shunting was done using a carotid Argyle shunt
(C. R. Bard Inc, Billerica, Mass).During the entire period of carotid clamping, our an-
esthesiologists made every effort to keep the systemic sys-
tolic pressure close to or preferably 10 mmHg higher than
the baseline pressure before induction.
Surveillance protocol. All patients underwent post-
operative color DUS scanning 24 hours, which was re-
peated at 30 days, with an ATL-5000 DUS scanner with
SONO CT feature (Phillips Medical System, Bothell,
Wash). Reportable complications, including death, TIA,
reversible ischemic neurologic deficits, or major stroke, as
well as asymptomatic occlusive events were determined in
accordance with the North American Chapter of the Inter-
national Society of Cardiovascular Surgery/Society for
Vascular Surgery Ad Hoc Committee Suggested Standards
for Reports Dealing with Cerebrovascular Disease.33
Statistical methods. The data analysis was performed
using StatView 9.1 software (SAS Institute, Cary, NC).
Basic descriptive statistics, such as means and standard
deviations for continuous variables and proportions and
frequencies for categoric variables, were used to analyze the
data. Comparisons between the groups were performed
using contingency table analysis with a 2 or Fisher exact
text for categoric variables and t tests for continuous vari-
ables to determine statistically significant differences. An 
level of0.05was used to determine statistical significance.
RESULTS
Ninety-eight patients were randomized to the RS
group, and 102 were randomized to the SS group, of which
shunting was used in 29 (28%). Clinical and demographic
characteristics and the indications for CEA were compara-
Table I. Demographic and clinical characteristics
Variable
Shunting group
PRoutine Selective
Number, No. (%) 98 (49) 102 (51)
Age, mean (range), y 68.78 (45-86) 67.29 (47-89)
Female gender, No. (%) 50 (51) 53 (52) .8942
Hypertension, No. (%) 87 (89) 86 (84) .356
Hyperlipidemia, No. (%) 76 (78) 84 (82) .396
Coronary artery disease,
No. (%) 45 (46) 56 (55) .204
Diabetes mellitus,
No. (%) 39 (40) 35 (34) .39
Smoking, No. (%) 54 (55) 67 (66) .1259
Antiplatelet therapy,
No. (%)
Aspirin 79 (81) 83 (81) .891
Clopidogrel 35 (36) 36 (35) .9505
Indications for CEA,
No. (%)
Transient ischemic
attack 30 (31) 28 (27) .6223
Amaurosis fugax 12 (12) 19 (19) .2125
Stroke 10 (10) 14 (14) .4436
Asymptomatic significant
carotid stenosis 57 (58) 54 (53) .4576
CEA, Carotid endarterectomy.ble in both groups (Table I). Tables IIA and IIB summarize
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artery stenoses. Ipsilateral and contralateral carotid stenoses
were comparable for both groups. In the SS group, how-
ever, the mean preoperative ipsilateral and contralateral
stenoses were 79% and 56% in the shunted subgroup vs 78%
and 34% in the nonshunted subgroup (P .6337 and P
.0019, respectively).
Table III summarizes the operative findings for both
groups. The internal carotid artery diameter (in mm), as
measured in the operating room, and the length of the
arteriotomy were comparable in both groups. The mean
systolic stump pressure was 55.9mmHg in the RS group vs
56.2mmHg for the SS group (P .9153), and was 33mm
Hg in the shunted vs 65 mm Hg in the nonshunted
subgroup of SS (P  .0001, Table III).
The mean clamp time in the nonshunted subgroup of
SS was 32minutes. The mean shunt time was 35minutes in
the RS group vs 33 minutes in the SS group (P  .3539).
The mean operative time was also similar in both groups.
Table IV summarizes the perioperative complications.
No perioperative deaths occurred in either group. The
overall perioperative complication rates were 8% for RS vs
8% for SS (P .9165). The perioperative stroke rate was 0%
for RS vs 2% for SS (P .4977). The perioperative stroke/
TIA rates were 2% for RS vs 3% for SS (P  .99). Eight
complications occurred in the RS group, which included 2
TIAs, 3 hemorrhages that necessitated operative evacua-
tion, 1 non-STmyocardial infarction (MI), 1 asymptomatic
carotid thrombosis, and 1 recurrent laryngeal nerve injury.
Eight complications occurred in the SS, comprising 1 TIA,
Table II. A, Preoperative ipsilateral and contralateral
stenosis for routine vs selective shunting
Shunt type Mean % (range) SD P
Routine .528
Ipsilateral stenosis 76 (50-99) 13.26
Contralateral stenosis 38 (0-100) 27.79
Selective .268
Ipsilateral stenosis 78 (50-99) 10.27
Contralateral stenosis 40 (0-100) 32.70
SD, Standard deviation.
Table II. B, Preoperative ipsilateral and contralateral
stenosis for selective shunting group in not shunted vs
shunted patients
Shunt type Mean % (range) SD P
Ipsilateral stenosis .6337
Not shunted 78 (50-90) 10.54
Shunted 79 (55-99) 9.69
Contralateral stenosis .0019
Not shunted 34 (0-100) 28.54
Shunted 56 (0-100) 37.23
SD, Standard deviation.2 strokes (1 major and 1 minor), 3 hemorrhages, and 2MIs, one of which was associated with congestive heart
failure.
The two patients in the SS group who had a stroke were
not shunted, and the stroke was noted 24 hours of
surgery. One had CEA for asymptomatic lesions and one
for TIA. On exploration, both strokes were caused by
perioperative carotid thrombosis that was thought to be
technical in nature. Both underwent thrombectomies with
repeat patching. Recovery was complete in one patient and
almost complete in the other. The mean systolic stump
pressure was 69 mm Hg for the postoperative stroke pa-
tients vs 56 mm Hg for those patients who did not have a
stroke (P  .3364).
DISCUSSION
The use of a shunt during CEA to prevent cerebral
ischemia is controversial. Shunting is needed in approxi-
mately 10% to 15% of patients who do not have adequate
collateral blood flow through the contralateral carotid and
vertebral arteries.8,26,28 However, this number can be as
low as 5% to 10% in patients where CEA is performed under
cervical block anesthesia and as high as 20% to 35% of CEAs
done under general anesthesia.6-8,26,28
As described previously, the use of shunting has several
drawbacks. Other authorities, however, support the use of
shunting and cite its value in maintaining cerebral blood
flow, thus allowing unhurried CEA.34 They also cite the
advantage of shunting in helping carotid artery clo-
sure.7,10,29 Because most patients undergoing carotid sur-
gery do not require a shunt to maintain adequate cerebral
perfusion, the use of selective shunting has been advocated.
The most reliable method to identify patients who
require shunting has also been debated.11,19-25 Patients
who undergo CEA while awake under cervical block anes-
thesia may be assessed for neurologic changes to determine
if cerebral ischemia is occurring. This method is the most
direct measure of cerebral ischemia.16,35-37 However,
many patients may not be able to undergo carotid surgery
under cervical block anesthesia secondary to patient (high
level of anxiety) or surgeon preference.
EEG monitoring22,24,25,35 and stump pressure mea-
surements11,18-21 are the most common modalities used to
assess the need for shunting under general anesthesia.
Several authorities have correlated EEG monitoring and
stump pressure measurement in patients undergoing gen-
eral anesthesia and in awake patients to determine the
reliability of these methods in detecting cerebral ischemia
and selecting shunting.9,15,16,35-38 Selective shunting ac-
cording to EEG changes is associated with a need for
shunting in 15% to 18% of patients.9,15
Calligaro and Dougherty16 reported the correlation of
carotid artery stump pressure and neurologic changes dur-
ing 474 CEAs performed in awake patients and indicated if
CEA had been performed under general anesthesia, shunts
would have been placed in 29% of patients if a stump
pressure of 50 mm Hg systolic had been used as the
threshold for shunting, and about 15% would have been
shunted had a stump pressure of40 mmHg systolic been
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shunting would have been the same whether EEG moni-
toring or a systolic stump pressure of40mmHgwas used
as the indication for selective shunting. In our series, 28% of
patients in the selective shunting group required a shunt.
This might have been higher than reported in the literature
and can be explained by the different stump pressure
thresholds that were used.
The optimal carotid stump pressure for selecting pa-
tients that need shunting is also controversial. Some have
suggested a systolic stump pressure of 50 mm Hg14 or
Table III. Operative findings for routine vs selective shun
Variable
Routine shuntin
Mean (range)
Stump pressure, mm Hg
Systolic 55.9 (16-115)
Diastolic 42.9 (10-79)
Mean 48.7 (14-94)
Operative time, min 112 (61-191)
Clamp time, min 0a
Shunt time, min 34.7 (20-63)
Shunt size, cm 9.6 (8-12)
Arteriotomy length, mm 4.4 (2.3-8)
ICA diameter, mm 5.5 (4-8)
Selective shunting subgroup
Not shunted
Mean % (range)
Clamp time, min 31.5 (15-64)
Systolic stump pressure, mm Hg 65.3 (40-103)
Operative time, min 108 (70-182)
ICA, Internal carotid artery.
aThese patients were routinely shunted, therefore no clamp time, except fo
bThese patients were shunted, so no clamp time.
Table IV. Perioperative (30-day) complications
Complication
Shunting group,
No. (%)
PRoutine Selective
TIA 2 (2) 1 (1) .61570
Stroke
Minor 0 1 (1) .99
Major 0 1 (1) .99
All strokes 0 2 (2) .4977
Combined stroke/TIA 2 (2) 3 (3) .99
Death 0 0
Bleeding 3 (3) 3 (3)
MI 1 (1)a 1 (1)
Congestive heart failure 0 1 (1)b
Asymptomatic carotid
thrombosis 1 (1) 0
Recurrent laryngeal injury 1 (1) 0
All complications 8 (8) 8 (8) .9165
MI, Myocardial infarction; TIA, transient ischemic attack.
aNon-ST MI.
bThis was associated with an MI.40mmHg,16 whereas others have selected a mean stumppressure of 50,11 45,17 40,9 or 25 mm Hg.10 Table V
summarizes the results of these scenarios in our series and
illustrates the percentage of patients who would have been
shunted based on various systolic stump pressures or mean
stump pressure values.
Our study sought to determine the difference in mor-
bidity andmortality between selective and routine shunting
according to stump pressure for those undergoing CEA
under general anesthesia. This is the first randomized trial
to compare the results of routine vs selective shunting based
on stump pressure. A systolic stump pressure threshold of
40 mm Hg was used to determine the need for selective
shunting.16
Perioperative stroke and complication rates were simi-
lar in both groups. The perioperative stroke rate was 0% for
routine shunting vs 2% for selective shunting (not statisti-
cally significant). The two patients who sustained perioper-
Selective shunting
PD Mean (range) SD
.53 56.2 (20-103) 20.54 .9153
.85 42.3 (12-77) 13.35 .7522
.93 48.8 (18-90) 16.16 .9789
.09 108 (70-182) 26.80 .2519
a 31.5 (15-64) 7.71 . . .a
.33 33.1 (25-62) 7.28 .3539
.98 9.5 (8-10) 0.87 .8409
.08 4.2 (2.4-8) 0.91 .2131
.78 5.5 (3.5-7) 0.75 .685
Shunted
PD Mean % (range) SD
.71 0b 0b . . .b
.26 33.2 (20-39) 8.65 0.0001
.55 111 (70-169) 27.77 0.5862
0 to 60 seconds required to insert the shunt.
Table V. Summary of patients who would have been
selected for shunting using various carotid stump
pressures
Stump pressure
No. (%)
(N  200) P
Systolic, mm Hg .001
40a 38 (19)
50 81 (40)
Mean, mm Hg
25 13 (6.5)
40 57 (28)
45 82 (41)
50 112 (56)
aThis was the criterion for shunting in the selective group in our study.ting
g
S
17
11
13
26
0
8
0
1
0
S
7
16
26
r the 2ative strokes in the selective shunting group were not
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narrowing of the artery at the distal end of the CEA, which
could have occurred with or without shunting.
Furthermore, no significant differences in the arteriot-
omy lengths or operative times were found in the routinely
shunted group compared with the selectively shunted
group. Potential complications associated with routinely
placing a shunt were not demonstrated in this study.
A Cochrane Review7 published in 2002 of a meta-
analysis of randomized trials for routine vs selective carotid
shunting during CEA concluded that the evidence from
randomized controlled trials was still insufficient to support
or refute the use of selective or routine shunting. Further-
more, there was little evidence to support the use of one
form of cerebral monitoring over another in selecting pa-
tients requiring a shunt.
Only three trials fulfilled the inclusion criteria.8,13,29
Two of these trials, comprising 590 patients, compared
routine shunting with no shunting.8,13 Allocation was felt
to be adequately concealed in one trial,13 and one trial was
quasi-randomized.8 Neither of these trials was based on
stump pressure measurement, and one trial13 was based on
EEG monitoring and somatosensory-evoked potentials
monitoring. This trial could have potentially been affected
by the fact that 57% of the shunted patients were patched
and 39% were not patched (P .0002). The pooled data of
these two trials showed the overall 30-day stroke and death
rate was 5.7%, and the overall risk of death was 1.8%. No
significant differences were noted between the shunted and
nonshunted groups: any stroke, 4% vs 5.2% (odds ratio,
0.76; P .5), and all death, 1.1% vs 2.4% (odds ratio, 0.44;
P  .2).
The third trial, which included 131 patients, compared
shunting according to stump carotid pressure measure-
ments alone with shunting according to EEG and carotid
stump pressure measurements.29 Ipsilateral strokes 24
hours were documented in 3 of 72 patients (4.1%) in the
group with combined monitoring compared with 2 of 70
(2.9%) in the group with stump pressure alone (P  .7).
The combined monitoring resulted in the use of fewer
shunts (12.5% vs 25.7%; odds ratio, 0.43; P  .05). In the
selective shunting group our series, 28% were shunted
using a systolic stump pressure of 40 mm Hg as the
threshold for shunting.
Although our study is a prospective randomized con-
trolled trial, it has a few limitations. This study only includes
200 randomized patients, which makes it difficult to draw
definite conclusions. A large randomized controlled trial
would be required to assess whether shunting reduces the
risk of perioperative strokes or death, or both. However,
this study is the first randomized prospective trial to use
carotid stump pressure to determine the need for shunting,
and it is beneficial in providing some outlines about
whether routine shunting vs selective shunting should be
used.
Similarly, the number of patients who underwent CEA
as an indication for a stroke is also small, and these patients
are potentially more predisposed to cerebral ischemia dur-ing carotid clamping than asymptomatic patients or pa-
tients with TIAs; therefore, these patients may require
shunting, even in the setting of a high stump pressure.
Thirdly, the findings of our study, which was con-
ducted in patients who underwent CEA with general anes-
thesia, may not be applicable to patients who undergo CEA
with a cervical block (regional anesthesia). Patients under
general anesthesia may tolerate lower stump pressures due
to the possible protective effect of the general anesthetic
than patients who receive regional anesthesia.14,39 Measur-
ing stump pressures in patients under cervical block anes-
thesia is not necessary. A shunt should not be placed in
patients under cervical block anesthesia with low stump
pressures but who remain alert, communicative, and have
normal motor function.
Finally, stump pressure is a single measurement before
carotid clamping and may not offer an indication of poten-
tial cerebral ischemia during CEA; however, every effort
was made in this present study to keep the systemic pressure
close to the baseline pressure prior to induction.
CONCLUSIONS
The use of routine and selective shunting was associ-
ated with a low stroke rate. Both methods are acceptable,
and individual surgeons should select the method with
which they are more comfortable.
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